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NON-WOVEN FABRICS FOR BATTERY SEPARATORS COMPRISING A WEB OF SOLVENT-SPUN 
CELLULOSE FIBERS 

of the invention 

This invention concerns non-woven fcibrics which can be 
used, for exairqple, to make battery separators, particularly 
5 (but not exclusively) for alkaline batteries. 

BAGkoround to the invention 

The separator for a battery not only performs the 
function of physically separating the positive and negative 
electrodes of the battery but it has to contain sufficient 

10 of the battery electrolyte to enable the necessary reactions 
to occur within the battery without significant increases in 
internal resistance. This requires the separator to be 
physically strong, have good absorptivity for the 
electrolyte, and be resistant to attack by the electrolyte 

15 (which may, for example, be alkaline) . Furthermore, during 
manufacture of such batteries, it is important for the 
separators to show rapid wicking of the electrolyte, that is 
rapid absorption of the electrolyte when electrolyte is 
applied to one end of a separator. Slow wicking 

20 necessitates slowing down of the speed of manufacture of the 
batteries since substantially complete filling of the 
separator with electrolyte should occur before further 
stages of battery manufacture are carried out. 

In the past, alkaline battery separators have been made 
25 of non-woven materials formed from various types of fibers. 
Examples of fibers which have been used include natural 
cellulose, polyolefins, polyesters, polyamides and polyvinyl 
alcohol. These various fibers have been found to suffer 
with a variety of disadvantages, natural cellulose fibers 
30 tending to have relatively poor stability in alkaline media 
such as battery electrolytes, and others having relatively 
poor wicking and/or absorptive properties. Battery 
separators have therefore frecjuently been made from natural 
cellulose fibers, often with other fibers included to 
35 improve the mechanical properties of the non-woven material. 
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The non-woven materials used for prior art battery 
separators have been made by a variety of processes. One 
such process for separators made from cellulose fibers is 
wet laying, which is essentially a paper-making process in 
5 which a slurry of randomly oriented natural cellulose 
fibers, optionally mixed with other fibers if such are 
desired in the final non-woven material, is dried. If 
desired, bonding agents, for example polyvinyl alcohol, can 
be present in the slurry, the bonding agent then serving to 

10 give additional strength to the material following drying. 
Alternatively or additionally, fibers in the slurry can be 
used to bond the non-woven material, for example by heat 
activation. For instance, a thermoplastic resin fiber in 
the material may be heat activated by passing the material 

15 through the nip between heated rollers, 

EP- A- 0572921 describes the production of battery 
separators by wet laying cellulose fibers obtained by 
spinning a solution of cellulose in an amine oxide into 
water. Such solvent-spun fibers have good resistance to 

20 the alkaline electrolyte in alkaline batteries compared with 
natural cellulose fibers. However, when they were wet 
laid, these fibers did not form a satisfactory non-woven 
material for a battery separator, apparently due to the high 
Young's modulus of the fibers when they are wet resulting 

25 from the high crystallinity of the cellulose fibers. In 
order to overcome this problem, it was proposed in EP-A- 
0572921 to subject the solvent-spun fibers to beating to 
obtain a highly fibrilated product. Wet laying of these 
fibrilated fibers apparently facilitates the wet laying 

30 process to form a non-woven material which when used as a 
battery separator inhibits increases in the internal 
resistance of such batteries. 

According to one aspect of the present invention there 
35 is provided a non- woven material for use as a battery 
separator, the material cottar ising a dry laid web of 
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solvent -spun cellulose fibers. The term generically used 
for such fibers is "lyocell". 

The invention also extends to battery separators 
comprising such materials, and to batteries including such 
5 separators. In an alternative aspect, the invention may be 
viewed as providing the use of a non-woven material 
cotiprising a dry laid web of solvent-spun cellulose fibers 
as a battery separator. 

P ffpef tptlg n 9* prmft^rrn<^ pmbodinents 

10 A typical battery (for example an alkaline manganese 

battery) for which the non-woven materials of the invention 
are suitable for use as separators cottprises a cathode 
having at least a portion of annular cross -section (which 
may constitute the casing of the battery) , and a cylindrical 

15 anode rod disposed generally coaxially within the annular 
portion of the cathode. The separator in such a battery is 
formed as a tube, positioned between the anode and cathode. 

Optionally, one end of the tube may be closed so as to 
enclose one end of the anode rod; the opposite end of the 

20 tube may also be substantially closed, provided that 
electrical connection is made between the anode and a 
terminal accessible from the exterior of the battery. 

The dry laid lyocell fibers will in general be bonded 
subsequent to their having been laid. Methods of bonding 
25 used hitherto in the art to produce dry laid non-woven 
materials can be used, for example hydroentanglement , the 
activation of thermally activatable fibers or the use of a 
bonding agent applied to the dry laid fibers, for example as 
a solution. 

30 Non-woven materials in accordance with the present 

invention have shown particularly rapid wicking when treated 
with alkaline electrolyte used in alkaline batteries, 
combined with high levels of electrolyte absorption and 
resistance to degradation by the electrolyte compared with 
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hitherto proposed non-woven materials for battery 
separators. Materials in accordance with the invention 
have also shown particularly high strength for their weight. 

The dry laying of the lyocell fibers can be effected 
5 using known methods, it generally being preferred to effect 
such laying using a carding technique, for example as 
described in GB 2151667 -A. Such carding techniques tend to 
effect orientation of the carded fibers, with more of the 
fibers aligned in substantially one direction thsui in the 

10 direction perpendicular thereto. It is generally preferred 
that the ratio of numbers of fibers aligned generally in one 
direction to those aligned generally perpendicular thereto 
is from 2:1 to 10:1, and more preferably from 3:1 to 6:1. 
The relative numbers of fibers in these directions are 

15 preferably selected to provide a balance between increased 
wicking (with increased alignment) and increased strength 
perpendicular to the direction in which most of the fibers 
are aligned. " 

The thickness of lyocell fibers used in accordance with 
20 the present invention can be from 0.5 to 10 decitex, and is 
preferably from 1 to 3 decitex. 

The staple length of lyocell fibers used in accordance 
with the present invention is preferably from 15 to 60 mm, 
and more preferably from 30 to 50 mm. This contrasts with 
25 the solvent-spun fibers of EP-A-0572921 where the fibers 
used in the wet laid process are specifically exenplified as 
being 2 mm long. 

Non-woven materials in accordance with the present 
invention can include fibers other than lyocell fibers, for 

30 exan5)le fibers which can be used to effect thermal bonding 
of the non-woven material and/or to increase the resistance 
of the non-woven material to alkaline electrolyte solutions. 
Examples of such fibers which Ceui be used include fibers of 
polyolefins, polyvinyl alcohol, nylons or acrylics. The 

35 amount of such other fibers which can be included will 
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is 



usually depend upon the effect which incl- ding them 
intended to achi ve. but it should not be su^n as to have a 
significantly adverse effect on the ability of the material 
to function in a battery separator. 

5 If desired, the dry laid fibers can be bonded using a 

bonding agent. A preferred bonding agent is polyvinyl 
alcohol, preferably in an amount of from 5 to 50 percent by 
weight, and more preferably 15 to 30 percent by weight, 
based on the dry' weight of the bonded material. 

10 Alternatively, or if desired additionally, the dry laid 

fibers can be bonded by hydroentanglement , for example as 
described in EP-A-0147904 . 

Non-woven materials in accordance with the present 
invention can be made to a variety of weights per unit area, 
15 for example depending on the particular end use. However, 
typical weights can be 15 to 80 g/m», for example 30 to 50 
g/tn*. 

In general when used to form a battery separator for an 
alkaline battery, non-woven materials in accordance with the 
20 present invention will be used in conjunction with a 
membrane, for exart?>le of regenerated cellulose film. 

unlike the non-woven materials of EP-A-0572921, which 
require the solvent-spun cellulose fibers to be fibrilated 
in order to produce a wet laid material, the lyocell fibers 

25 used to produce materials in accordance with the present 
invention can be used in non- fibrilated or fibrilated form. 
Non- fibrilated fibers are generally preferred since when 
used in accordance with the present invention they have 
given good results without the necessity for the extra step 

30 of fibrilation of the fibers. 

The following Exatrples are given by way of illustration 

only. 
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Lyocell fibers of 1.7 decitex and 38 nim length 
(available from Courtaulds pic, Coventry, United Kingdom, 
under the trade mark "Tencel") were dry blended with 
5 polyvinyl alcohol fibers of 1.4 decitex and 35 mm length at 
a weight ratio of 60 parts of cellulose fibers to 40 parts 
of polyvinyl alcohol fibers in a conventional blending and 
opening process. 

Following the blending and opening, the fibers were 
10 formed by dry carding into a dry laid web with a weight of 
32 g/m^. The ratio of numbers of fibers in the machine and 
transverse directions in the dry laid web was 5:1. 

The fibers in the web were then bonded together using 
an approximately 6% w/v solution of polyvinyl alcohol in 
15 water, by first spraying the web with the solution and then 
drying the web over heated rollers . The weight per unit 
area and the thickness of the resulting fabric were 
measured, and the values obtained are shown in the 
accompanying Table. 

20 The wicking of the fabric was assessed as follows :- 

A strip of the fabric 14 cm long and 2.5 cm wide (machine 
direction lengthwise) was clanped so that one end of the 
fabric was just in a 32 percent by weight aqueous solution 
of potassium hydroxide. The wicking height was measured as 

25 the minimum distance travelled by the solution up the fabric 
in five minutes. The result is shown in the accompany 
Table. 

The absorbency of the fabric was assessed as follows :- 
A square or circle of the fabric having an area of 100 cm^ 
30 was weighed amd then placed in a 32 percent by weight 
solution of potassium hydroxide for one minute. The fabric 
sanple was then removed and allowed to drain for 30 seconds, 
after which it was reweighed. The increase in weight of 
the fabric was then expressed as cin increase in g/m^. The 
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result is shovra in the accon^janying Table. 

A fabric was produced using the dry laying and bonding 
method of Example l but replacing the lyocell fibers with 
5 natural cellulose fibers of substantially the same size as 
the lyocell fibers. 

The test data established for this fabric using the 
conditions in Exattqole 1 are given in the accompanying Table. 

'ffrr-W^ft ^ (CfMimariaon) 

10 A commercially available wet laid, polyvinyl alcohol 

bonded cellulose fiber battery separator fabric was 
subjected to wicking and absorbency tests described in 
Example 1. Since the cellulose flberslof the fabric had 
been wet laid, the fibers were 'essentially randomly 

15 oriented. The sample for the wicking: test' was therefore 
taken at random from the fabric. 

The data obtained for this fabric using the test 
conditions described in Example l are given in the 
accon5)anying Table. 

20 Iti2lfi 



25 



Exatnple 


Fabric 


Thickness 


Wicking. 
(nro/ . , . 
5 min) 


Absorbency 
(g/m») 


1 


36 


163 




475 


2 (Comparison) 


40 


178 


38 


450 


3 (Cotrparison) 


50 


160 


35 


400 



30 



As can be seen from the data in the above Table, the 
fabric in accordance with the present invention showed 
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better wicking and higher absorb ncy thcui either of the 
comparison fabrics, and that was for a fcd>ric with a lower 
weight per unit area than either of the conqparison fabrics. 

Although the cibove description concentrates on the use 
5 of the materials of the invention in alkaline environments, 
it is also envisaged that they will find use in acidic and 
neutral conditions. 



wo 96/13071 



PCT/GB95W2474 



- 9 - 



1. A non-woven material for use as a batter, 
separator, the material comprising a dry laid web of 
solvent-spun cellulose (lyocell) fibers. 

5 2. A non-woven material according to claim 1, wherein 

the fibers have been hydroent angled subsequent to dry 
laying. 

3. A non-woven material according to claim 1, wherein 
the fibers have been bonded with a bonding agent subsequent 

10 to dry laying. 

4. A non-woven material according to claim 3, wherein 
the bonding has been effected using a binding agent or by 
heat activatable fibers. 

5. A non-woven material according to any of the 
15 preceding claims, wherein the dry laid web has a 

preponderance of fibers aligned in substantially one 
direction with a minor amount of fibers aligned 
substantially perpendicular thereto. 

6 . A non-woven material according to claim 5 , wherein 
20 the ratio of numbers of fibers aligned in substantially 

perpendicular directions is from 2:1 to 10:1. 

7 . A non-woven material according to claim 6 , wherein 
the ratio is from 3:1 to 6:1. 

8. A non-woven material according to any of the 
25 preceding claims, wherein the solvent- spun cellulose fibers 

are of from 0.5 to 10 decitex. 

9 . A non-woven material according to claim 8 , wherein 
the fibers are of from 1 to 3 decitex. 

10. A non-woven material according to any of the 
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preceding claims, wherein the fibers have a staple length of 
from 15 to 80 mm. 

11. A non-woven material according to claim 10, 
wherein the fibers have a staple length of from 30 to 50 mm, 

5 12. A non- woven material according to claim 3, wherein 

the bonding agent C0Tr?)rises 5 to 50 percent by weight of the 
bonded material. 

13. A non-woven material according to ciny of the 
preceding claims, wherein the solvent-spun cellulose fibers 

10 have not been fibrilated. 

14. A non-woven material according to any preceding 
claim, for use as a battery separator in an alkaline 
battery. 

15. A non-woven material according to cuiy of claims 1 
15 to 13, for use in an alkaline manganese battery. 

16 . A battery separator cotrprising a non-woven 
material according to any of the preceding claims. 

17. A battery separator according to claim 16, wherein 
the separator comprises the non-woven material and a 

20 membrane of regenerated cellulose film. 

18. A battery separator according to claim 16 or claim 
17, wherein the separator comprises a t\ibe of said non-woven 
material . 

19 . A battery separator according to claim 18 , wherein 
25 the txibe of non-woven material is closed at at least one 

end. 

20. A battery including a battery separator according 
to any of claims 16 to 19. 
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21. An alkaline battery including a battery separator 
according to any of claims 16 to 19. 

22. An alkaline manganese battery including a battery 
separator according to any of claims 16 to 19. 

23. The use of a non-woven material comprising a dry 
laid web of solvent -spun cellulose (lyocell) fibers as a 
battery separator. 

24. The use according to claim 23, in which the 
battery is an alkaline battery. 

25. The use according to claim 24, in which the 
battery is an alkaline manganese battery. 
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